Endocannabinoids and cannabinoid analogues block human cardiac Kv4.3 channels in a receptor-independent manner.
Endocannabinoids are amides and esters of long chain fatty acids that can modulate ion channels through both receptor-dependent and receptor-independent effects. Nowadays, their effects on cardiac K(+) channels are unknown even when they can be synthesized within the heart. We have analyzed the direct effects of endocannabinoids, such as anandamide (AEA), 2-arachidonoylglycerol (2-AG), the endogenous lipid lysophosphatidylinositol, and cannabinoid analogues such as palmitoylethanolamide (PEA), and oleoylethanolamide, as well as the fatty acids from which they are endogenously synthesized, on human cardiac Kv4.3 channels, which generate the transient outward K(+) current (I(to1)). Currents were recorded in Chinese hamster ovary cells, which do not express cannabinoid receptors, by using the whole-cell patch-clamp. All these compounds inhibited I(Kv4.3) in a concentration-dependent manner, AEA and 2-AG being the most potent (IC(50) approximately 0.3-0.4 microM), while PEA was the least potent. The potency of block increased as the complexity and the number of C atoms in the fatty acyl chain increased. The effects were not mediated by modifications in the lipid order and microviscosity of the membrane and were independent of the presence of MiRP2 or DPP6 subunits in the channel complex. Indeed, effects produced by AEA were reproduced in human atrial I(to1) recorded in isolated myocytes. Moreover, AEA effects were exclusively apparent when it was applied to the external surface of the cell membrane. These results indicate that at low micromolar concentrations the endocannabinoids AEA and 2-AG directly block human cardiac Kv4.3 channels, which represent a novel molecular target for these compounds.